We studied eight patients with gastro-oesophageal reflux disease to compare the frequency and mechanism of reflux in the upright and supine positions. Simultaneous Studies were performed in the morning after an overnight fast. Subjects refrained from smoking and drinking alcohol for at least 24 hours before the study. Antisecretory and prokinetic drugs were stopped for 48 hours before the study. A motility catheter with a 6 cm long Dent sleeve device and an attached micro pH electrode (Londonderry, NH) was passed transnasally. This assembly was positioned so that the oesophageal pH was recorded at 5 cm above the lower oesophageal sphincter. Pressures were recorded simultaneously from the gastric fundus, lower oesophageal sphincter, oesophageal body (at sites 2, 7, and 12 cm proximal to the lower oesophageal sphincter), and pharynx. The pharyngeal and oesophageal pressures were monitored by means of the water filled catheters rather than the continuously perfused method in order to minimise water loading of the subjects. The lower oesophageal sphincter and gastric pressures were measured with a continuously perfused (0.6 ml/minute) Dent sleeve and side hole located 2 cm below the sleeve respectively. The pH and manometric signals were recorded simultaneously on an eight channel recorder (R 612, Sensormedics, Anaheim, California). Studies were performed on two successive days in each patient. Four patients had studies performed in the horizontal position on day one and the other four in the upright position on day one.
reflux tended to be higher in the upright position. The most prevalent mechanism of reflux in either position was transient relaxation of the lower oesophageal sphincter. The frequency of transient lower oesophageal sphincter relaxation was higher in the upright than in the supine position. There was no difference in the total reflux time, acid clearance time, and number of reflux episodes lasting longer than five minutes in the two positions. We suggest that daytime reflux (upright) may be as important as night time (supine) reflux in the pathogenesis of reflux oesophagitis and needs to be considered when treating patients with reflux disease.
Ambulatory oesophageal pH recordings show that gastro-oesophageal reflux occurs in the upright as well as in the supine position. The supine position is conventionally thought to be more conducive to reflux because of the opposing effect of gravitational forces on reflux in the upright position.' Recent studies suggest, however, that gastro-oesophageal reflux may be more prevalent in the upright than in the supine position.2 In normal subjects and patients with reflux disease, transient lower oesophageal sphincter relaxation is the major mechanism of reflux in the supine position.3'5 There is, however, no information about the mechanism of reflux in the upright position in humans. We were specifically interested in the changes in intragastric pressure at the time of gastrooesophageal reflux that might facilitate movement of gastric contents (acid) into the oesophagus in the upright position. The gastro-oesophageal pressure gradient in the horizontal and vertical positions was calculated by the difference in the end expiratory pressure recorded by the side hole located above the sleeve device as it was pulled from the (Table) . The following describes data from the postprandial period. There was a tendency for the frequency of reflux to be higher in the vertical than the horizontal position: 10.3 mean (SEM) (1.5) and 6.2 (1.7) per subject respectively (0 05 <p<0 1 (Fig 1) . Total reflux time was not significantly greater in the vertical than in the horizontal position (18-9 (5'4)% and 9.4 (3.7)% respectively) (Fig 1) . The acid clearance time in the two positions was not different (Fig 1) . No difference was found in the duration of the longest reflux event and in the number of reflux episodes lasting longer than five minutes in the two positions.
The transient lower oesophageal reflux frequency was higher in the vertical than in the horizontal position -mean (SEM) 16 .0 (2.3) and 9.7 (1.2) (p<001) respectively (Fig 2) 
Discussion
The pressure gradient between the stomach and oesophagus may be considered as a driving force and lower oesophageal sphincter pressure as the barrier to acid reflux. A number of studies show that the most common mechanism of acid reflux in the supine position is a complete transient lower oesophageal sphincter relaxation that results in a lower oesophageal sphincter pressure of less than 5 mmHg.5 The gastro-oesophageal pressure gradient of 3 to 5 mmHg in the resting state may be an explanation for the observation that a lower oesophageal sphincter pressure of 5 mmHg or more is an effective antireflux barrier. We found that in the upright position complete transient lower oesophageal sphincter relaxation is also the major mechanism of gastrooesophageal reflux. In the supine position, no change in intragastric pressure has been reported to occur during most reflux events. We expected that the increase in intragastric pressure would be critical to the occurrence of reflux in the vertical position because acid is traversing into the stomach from the oesophagus against gravity. An increase in intragastric pressure during transient lower oesophageal sphincter relaxation may be thought of as an additional driving force for acid reflux. We found this to be present, however, during only 24% of instances. There was no difference in the frequency of stress type 2 reflux between the vertical and supine positions. We reasoned that the time between the lower oesophageal sphincter relaxation and the actual occurrence of reflux might provide some clue to the driving force for reflux. During most stress type 2 reflux events we found that there was a very close relation between the occurrence of intragastric pressure and the acid reflux event. In the absence of intragastric pressure increase, there was a time lag between lower oesophageal sphincter pressure drop to <4 mmHg and an acid reflux event of five to seven seconds in the horizontal as well as vertical position. It is surprising, because in the absence of an additional driving force in the vertical position (against gravitational force) the time for acid to travel from the stomach to the pH probe would be expected to be greater. Our data suggest that there are factors other than the pressure gradient (as observed by manometry) that may be operative in driving reflux. One possibility is that the movement of acid from the stomach into the oesophagus in the presence of a lower oesophageal sphincter pressure <4 mmHg occurs by a diffusion mechanism rather than a pressure gradient mechanism.
We ' 3 They found that the vertical position was ineffective in preventing reflux events. On the contrary, the frequency of reflux episodes was significantly increased in this position. Furthermore, there was no difference between either position in the percentage of time during which the oesophageal pH was below 4 . In contrast to our study, however, they found a significantly shorter mean clearance time in the vertical position. DeCaestecker et alP recently showed that the oesophageal acid exposure and clearance times in the vertical position correlated better with the severity of oesophagitis than those of nocturnal reflux events in the horizontal position. Contrary to expectation, our study shows that reflux occurs more frequently in the vertical position in patients with reflux disease. We also observed that other parameters of reflux such as the number of reflux episodes, acid clearance time, total reflux time, and longest reflux episodes were no different in the vertical and horizontal positions. It is possible that there is a group of patients studied by Johnson et al that suffers reflux more in the supine position and in whom the vertical position would be helpful in management. We think, however, that our group represents the majority of the patients observed routinely in clinical practice. Fifty per cent of our patients had evidence of endoscopic oesophagitis. Gastro-oesophageal reflux at night (supine position) is considered to be more important in the pathogenesis of oesophagitis. We suggest, however, that daytime reflux (in the upright position) is equally important and should be considered when tailoring treatment for reflux oesophagitis.
